Enterokinase (enteropeptidase 3.4.4.8) , an enzyme of the small intestinal mucosa, is responsible for the conversion of trypsinogen to active trypsin. Once trypsin is present in duodenal contents it activates other proteolytic pancreatic enzymes (chymotrypsinogens, procarboxypeptidase) . Because of the key role of enterokinase in this process deficiency of this enzyme results in severe disturbance of protein digestion. The first case of enterokinase deficiency was described 5 years ago (Hadorn et al., 1969) . Since that time, 3 further cases have been reported (Tarlow et al., 1970; Polonovski et al., 1970; Hadorn, Bier, and Polonovski, 1970; Haworth et al., 1971) . We now report 2 additional cases in sibs in whom clinical features differ somewhat from the observations made in the previously published cases.
Case reports Case 1. A boy was born after a 34-week pregnancy: birthweight 2s41 kg. He was a twin; the other twin Received 9 September 1974. died of respiratory distress. The parents, who were of Polish, Austrian, and Spanish extraction and not related, were healthy and free of gastrointestinal symptoms. The infant was fed with a proprietory formula (Enfalac), but he vomited and did not gain weight. Diarrhoea began at 6 weeks of age and because of this the formula was changed to half-skimmed (2 % fat) milk.
He was first admitted to this hospital when 9 weeks old. He weighed 2-68 kg ( Fig. 1 ) and had pallor, abdominal distension, and oedema of the face and legs.
Hb 5.5 gfdl; reticulocytes 7.6%; erythrocyte morphology and white blood count normal; total serum proteins 2*7 g/100 ml. Because he fed poorly and vomited frequently the formula was changed to a soya bean preparation (Mull-Soy). He was given intravenous blood and albumin and discharged home. He was readmitted at 3 months of age because of continued vomiting, diarrhoea, and weight loss. He was now wasted, dehydrated, and had generalized oedema; weight 2 * 3 kg, Hb 8*8 g/dl; total serum proteins 3 2 g/100 ml, albumin 1 9, globulins 1-3 g/100 ml; sweat chloride concentration 28 (Fig. 2) , and electron microscopy was also normal (Fig. 3) thought likely, and she was given a blood transfusion and vitamin E and folic acid by mouth. Total serum proteins after transfusion were 4 3 g/100 ml, albumin 3 -1, globulin 1 -2 g/100 ml. Diarrhoea persisted and intestinal malabsorption or milk allergy was suspected. Sweat chloride concentration was normal. She was then fed Nutramigen; the diarrhoea ceased and she began to gain weight. At 5 months she was fed a normal milk-containing diet and remained well. Because of the defect in her brother she was investigated when 3 years 11 months. She had been well and symptom-free in the interval. Her weight and height were at the 50th centile; Hb 12 -5 g/dl total serum proteins 7-1 g/100 ml. A duodenal biopsy showed normal mucosa and disaccharidase activity. The results of a pancreatic function study are given below.
She was last seen at 6i years of age when she was completely well and symptom free; height and weight were at the 50th centile.
Methods
The technique of duodenal intubation and the methods used to measure the enzymes in the duodenal juice have been described (Haworth et al., 1971 Enterokinase activity was measured by incubating 20 ul mucosal homogenate with 100 ,l bovine crystalline trypsinogen (2 mg/ml 0 *001 mol/l HCI), 100 j1 of 0 05 mol/l Na-citrate buffer (pH 5 6), 20 pl 100 mmol/l Natrium-glycodeoxycholate, and 0 51 ml distilled water. Glycodeoxycholate was added because it has a strong activating effect on the enzyme (Steiner et al., 1972; Hadom et al., 1974) . The amount of trypsin formed per unit time was measured by the spectrophotometric method of Hummel (1959) . The disaccharidases were measured by the method of Dahlqvist (1964) .
Results Table I shows pH values and pancreatic enzyme activities in the duodenal contents of the 2 patients. For proteolytic enzymes, activities before and after addition of enterokinase are given. From Case 1 three samples were collected at different times. Sample CI and PI (5j months) showed no trypsin or chymotrypsin activity. CI was collected without stimulation; PI was collected 10 minutes after stimulation of pancreatic function with pancreozymin (2 units/kg body weight I.V.).
In CI, lipase and amylase activity were present at a low level. Sample CII, collected at 10 months, showed very low trypsin and absent carboxypeptidase activity. Lipase and amylase were not measured. Sample CIII (16 months) showed low trypsin and chymotrypsin activities, carboxypeptidase was normal, lipase and amylase activities also normal. In samples CII and CIII a marked increase of trypsin, chymotrypsin, and carboxypeptidase activity was observed after addition of enterokinase to the juice (zymogen activation test positive).
From Case 2 one unstimulated sample was collected at 3 years 11 months. It showed very low trpysin, absent chymotrypsin and carboxypeptidase activity, and normal lipase and amylase. Proteolytic enzymes increased markedly after the adddition of enterokinase (Table I) . Table II shows enterokinase and disaccharidase activities in the duodenal biopsies of Case 1 at 16 months, Case 2, and their mother. Enterokinase activity was not measurable in the patients but disaccharidase activities were normal. The mother had enterokinase activity of 270 EKU/mg mucosa which, according to our limited experience in adults, is normal. The mother had an abnormally low lactase, but in view of normal sucrase and maltase activity, this was probably a case of isolated adult lactase deficiency.
Discussion
The clinical and biochemical findings in the 2 sibs were similar to those described in the earlier reported cases, but in the present cases vomiting was the first symptom and diarrhoea began later. Severe anaemia was also a prominent early feature; there was evidence of haemolysis, and vitamin E deficiency was suspected in the second case.
In this disorder, diarrhoea, failure to thrive, and hypoproteinaemia are readily explainable by the defect in protein digestion. During the early phase of the disease when patients suffer from hypoproteinaemia, they also show more generalized tBefore E, activity before addition of enterokinase; after E, activity after addition of enterokinase.
C, without sdmulation; P, after pancreozymin stimulation. (Tables I and II) . Vitamin E deficiency could have been due to the secondary pancreatic insufficiency since vitamin E deficiency is known to occur in patients with pancreatic insufficiency due to cystic fibrosis (Harries and Muller, 1969) . In several duodenal samples from the present cases, and from 2 of the 4 previously published enterokinase-deficient patients, considerable activity of carboxypeptidase was found even before the addition of enterokinase to the juice. These samples also contained tryptic activity. Evidently very low activities of trypsin are sufficient for partial activation of procarboxypeptidase. If more trypsin was formed after the addition of enterokinase, however, carboxypeptidase activity also increased markedly (Hadorn and Haworth, 1973 (1) Gastric peptic activity might compensate for the lack of pancreatic proteolytic enzymes. This mechanism was proposed by Crane for the significant (20%-50%) protein digestion and absorption shown in 2 patients after total pancreatectomy (Crane, 1969 
